Basement membrane: Putting up the barriers  by Schwarzbauer, Jean
R242 Dispatch
Basement membrane: Putting up the barriers
Jean Schwarzbauer
The basement membrane is a highly organized
extracellular matrix with adhesive and barrier functions.
Assembly of this matrix uses two types of cell surface
receptor, integrins and dystroglycan, to coordinate
formation of a polygonal network of laminin, a major
basement membrane protein. 
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Many processes in cell biology depend on multi-
component complexes, but the assembly of such
complexes is a process in and of itself. A prime example of
such a multi-component structure is the extracellular
matrix, a dynamic protein network that provides cells with
positional and environmental information, while serving as
a tissue-specific structural framework that controls cell
function. The extracellular matrix is not a static structure,
but is continually produced and remodeled. Using
components that can show tissue-specific variation in
structure, extracellular matrix assembly is a highly
orchestrated, cell-mediated process. Moreover, matrix
organization and its connections to intracellular pathways
are important regulators of cell function [1], defects in
which can have significant pathological consequences [2].
At the structural level, extracellular matrices can take on
many different forms, but two architectural styles predom-
inate (Figure 1). The connective tissue matrix is a fibrillar
network that surrounds fibroblasts and other cells that
make it. As a porous framework, it allows cell movements
through the tissue while also serving a supportive and
structural role. In contrast, the basement membrane is a
dense, sheet-like structure at the interface between
epithelial and mesenchymal tissues. Its unique organiza-
tion is well suited to its functions as a support, a sieve and
a barrier, keeping cells and proteins on one side or the
other. While their architectures are quite different, these
two matrices consist of the same types of protein, includ-
ing cell-adhesive glycoproteins, collagens for stability and
carbohydrate-rich proteoglycans.
Fibronectin in connective tissue and laminin in basement
membranes are crucial for forming direct contacts between
the extracellular matrix and cells, acting through specific
receptors, and are central players in the assembly of these
matrices. Several important conclusions have been drawn
from studies of the roles fibronectin and laminin play in
matrix structure and assembly [1,3,4]. Firstly, the matrix is
an intricate meshwork of polymers composed of multi-
meric proteins, the assembly of which depends on both
self-interactions and interactions with other matrix
proteins. Secondly, interactions with their receptors —
cell-surface integrins — are required to localize fibronectin
and laminin at appropriate sites for assembly and to
increase the local protein concentrations at the cell surface.
Finally, integrins must be able to make productive con-
nections with the actin cytoskeleton through their cyto-
plasmic tails, probably as a means of supporting the
tension needed for binding and multimerization. 
While there are many similarities between fibronectin and
laminin assembly, recent reports indicate that there are
also some surprising and potentially significant differences.
First and foremost, in the case of laminin, a different type
of receptor in addition to integrins, dystroglycan, appar-
ently plays an unexpectedly important role in the assem-
bly process [5]. Furthermore, major basement membrane
Figure 1
Scanning electron micrograph of corneal epithelium. Epithelial cells
(Ep) contact the basement membrane (BM) on their basal surfaces.
The sheet-like basement membrane matrix supports cell adhesion and
separates epithelium from underlying matrix and cells. The connective
tissue matrix (CT) has a more fibrillar structure.
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components are contributed by distinct cell types located in
apposing epithelial and mesenchymal tissues [3,6,7].
Together, these differences help to determine the location
and unique sheet-like structure of the basement membrane.
The laminin trimer has a cross shape when viewed by elec-
tron microscopy [3] (Figure 2). Laminin molecules can
independently polymerize into a polygonal array via self-
interactions mediated by the three short arms. Localization
to the cell surface is provided by receptor binding sites at
the end of the long arm and the central short arm. Integrins
constitute the major class of extracellular matrix receptors
for laminin (as well as fibronectin), and are dimeric proteins
composed of one α and one β subunit [4]. There are several
different integrins that can bind to the laminin long arm,
including α6β1 and α7β1 [3]. The β1 integrins form a bridge
to the actin cytoskeleton through a protein-rich complex
that forms on the cytoplasmic side of the plasma mem-
brane. This connection gives cells shape and is essential for
cell adhesion, migration and other cellular processes. 
Dystroglycan is a distinct type of transmembrane laminin
receptor, composed of an extracellular α-dystroglycan
subunit that is connected to the transmembrane β-dystro-
glycan (Figure 2) [8]. This complex was originally described
as a major muscle protein, but it is also found on other cells
that contact basement membranes. Inside the cell, dystro-
glycan contacts the actin cytoskeleton via the protein dys-
trophin (mutations in which cause the most prevalent forms
of muscular dystrophy). Thus, both integrins and dystrogly-
can form links between the basement membrane and
cytoskeleton, albeit via different connecting proteins, and
these connections are required for normal tissue architec-
ture and cell function.
The contributions of these various receptors to basement
membrane assembly has recently been addressed in elegant
experiments that used mouse embryonic stem (ES) cells.
Under suitable growth conditions, ES cells differentiate
into a variety of tissues, forming embryoid bodies in culture
and benign teratomas after subcutaneous injection. Both
the teratomas and the embryoid bodies consist of multiple
cell lineages and contain basement membranes separating
the outer endodermal layer from underlying tissues. Henry
and Campbell [5] found that, in embryoid bodies formed by
dystroglycan-null ES cells, basement membranes were
absent and the predominant basement membrane compo-
nents — laminin, type IV collagen and the proteoglycan
perlecan — were mislocalized. Similarly, basement mem-
branes were absent or defective in β1-integrin-null blasto-
cysts [9] and ES-cell-derived teratomas lacking β1 [10]. 
It seems that both dystroglycan and β1 integrins are
required for proper basement membrane assembly.
Further insights into the potential roles of these two
receptor types can be gleaned from comparison of β1-null
and dystroglycan-null embryos in utero. In embryos
lacking dystroglycan, the basement membrane between
visceral and parietal endoderm appeared normal but the
extraembryonic matrix, known as Reichert’s membrane,
was absent [11]. In contrast, β1-null embryos showed more
severe defects and did not survive past implantation [9].
However, elimination of the β1 subunit knocks out multi-
ple different integrins that can recognize both laminin and
type IV collagen. Null mutations of individual α integrins,
which each remove a specific receptor, were not found to
have dramatic defects [2], suggesting that no single β1
integrin is critical for basement membrane assembly, but
rather that the combination of interactions engaged in by
the various β1 integrins carries out the process.
Dystroglycan and integrins both bind to the end of the long
arm of laminin, and both connect the extracellular matrix to
the actin cytoskeleton (Figure 2). Are they equal partners
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Figure 2
Important cell surface interactions during assembly of a laminin
network. (a) Integrin (orange) and dystroglycan (green) receptors bind
to distinct sites at the end of the long arm of a laminin molecule (blue).
(b) Lateral movement of the occupied receptors brings multiple
laminins into proximity, thereby allowing interactions between domains
on the short arms. As the polygonal network forms, intracellular
interactions link receptors to the actin cytoskeleton. These links are
formed by a multi-component complex (magenta) in the case of
integrins and dystrophin (red) for dystroglycan.
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in basement membrane assembly? It seems unlikely and,
on the surface, the in vivo results suggest that there may be
a receptor hierarchy for assembly. A key element in recep-
tor-mediated assembly is the ability to bind sufficiently
strongly to a ligand in order to initiate interactions involv-
ing other matrix proteins. Different receptors could vary in
their binding strength, lateral mobility within the plasma
membrane, or overall levels on the cell surface. Any or all
of these variations could change the ability of a receptor to
hold on to laminin and concentrate it into multimers by
lateral movements. 
Experiments using a simple culture assay have shown that
binding of laminin to the cell surface results in the
formation of laminin clusters that are detectable by
immunofluorescence microscopy ([5,12] and P.D.
Yurchenco, personal communication). Clustering requires
polymerization-competent laminin and is probably indica-
tive of the interactions that occur during the initial stages
of the assembly process. Dystroglycan is required for this
clustering reaction on ES cells, and both dystroglycan and
β1 integrins colocalize with laminin clusters on muscle
cells, suggesting that there is cooperation between the
different receptor types. Comparison of the clustering
response on ES cells lacking either β1 integrin or dystro-
glycan, together with a thorough analysis of receptor
repertoires on these cells, should help to elucidate recep-
tor contributions to laminin assembly. 
Another important distinction between these different
receptor types is in their connections to the actin
cytoskeleton. Integrins connect to actin filaments through
a multi-component complex [4], whereas dystroglycan
uses dystrophin for the same purpose [8]. Perhaps one of
these routes is better tuned to support the generation of
tension needed to form a dense, sheet-like multi-compo-
nent complex. For example, laminin assembly into
oligomers might be initiated by dystroglycan, and then
integrins might be required to rearrange the oligomers into
the appropriate configuration for formation of a polygonal
network. Receptor-induced rearrangements may promote
interactions with the type IV collagen network to form a
sheet. Alternatively, multiple integrin binding sites at both
ends of laminin and on type IV collagen might allow these
receptors to organize the matrix over extended distances.
Basement membrane assembly must proceed in a stepwise
fashion, with each type of receptor–ligand interaction pro-
viding a piece of information that contributes to the struc-
ture and function of the whole. What the steps are and
how are they ordered are two important questions that can
now be tackled with existing tools. 
A common theme of extracellular matrix assembly is that
receptors bind with reasonable affinity to matrix protein
ligands, make necessary connections to the cytoskeleton
and promote the self-assembly interactions needed to
build a network. Recent studies of basement membranes
have added important corollaries to this model: coopera-
tive actions of different receptor types, the possibility of
receptor–cytoskeleton hierarchies and contributions by
apposing tissues. Clearly, we are only beginning to under-
stand how cells convert soluble proteins into multi-com-
ponent, highly localized and structurally unique networks. 
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